ABSTRACT The binding of fluorescein isothiocyanate (FITC)-conjugated lectins to mucin in the human colon was studied by using fluorescence microscopy. In normal mucosa, lectins that preferentially bind to exposed N-acetyl-galactosamine residues (Dolichos biflorus agglutinin and soybean agglutinin) bound selectively to the goblet cell mucin of well-differentiated cells in the upper colonic crypt. By contrast, lectins that require exposed nonreducing galactose residues for binding (Ricinus communis agglutinin, and Bauhinia purpurea agglutinin) preferentially labeled the mucin of less-differentiated goblet cells located in the lower portion of the colonic crypt. The lectin derived from Arachis hypogaea (peanut agglutinin) has a high affinity for a carbohydrate structure not normally exposed in human tissues. This lectin did not label the goblet cell mucin in the normal colon. However, the mucin was labeled in all 21 colon cancer specimens examined. Additionally, the nonmalignant epithelium immediately adjacent to colon cancer (termed "transitional mucosa") also contained goblet cell mucin that was labeled by FITC-peanut agglutinin. Three conclusions may be drawn from the selective binding characteristics of FITC-lectins to colonic mucins. First, an alteration in the exposed, nonreducing carbohydrate residues occurs in human colonic mucin during the process of goblet cell differentiation. Second, an exposed carbohydrate structure that is not normally present in human tissues is expressed in the mucin produced by malignant colonic epithelium. Third, the presence of the cancerassociated carbohydrate structure in the mucin of transitional mucosa suggests that this tissue may be in the process of early malignant transformation.
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The process of cell renewal begins with the proliferation of multipotent cells which then mature into functional, differentiated cells no longer capable ofdivision. In colonic epithelium, these processes are compartmentalized in such a way that cells replicate in a proliferative zone at the base of the crypt of Lieberkiuhn and undergo differentiation as they migrate into the upper portion of the crypt (1) .
Alterations in membrane glycoconjugates have long been known to occur with cellular differentiation (2) . In the rat intestine, for example, a change in surface membrane glycoconjugates is observed as the undifferentiated crypt cells migrate into the villus region (3). Fluorescence microscopy with fluorescein isothiocyanate (FITC)-conjugated lectins has been used to study the topographical distribution ofglycoconjugates in the rat intestine and colon (4) (5) (6) Mucin is the predominant secreted glycoprotein in the colon and is elaborated by most colon cancers. The mucin extracted from colon cancer is immunologically distinct from that in the normal colon (7, 8) but the exact biochemical nature of this difference has remained elusive. Attention has also been drawn to the goblet cell mucin ofthe epithelium immediately adjacent to colon cancer in which the histochemical staining characteristics differ from those seen in the normal colon (9, 10) . This epithelium contains numerous morphological abnormalities, and undifferentiated stem cells are found in the upper portions of the crypts (11, 12) . However, the histological appearance of the tissue falls short ofthe criteria for malignancy, and therefore it has been termed "transitional mucosa." The FITC-lectinbinding pattern ofthis region has been examined and compared with that of normal human colon. 
MATERIALS AND METHODS
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Medical Sciences: Boland et alP appendiceal carcinoid (one case). Six of the specimens ofnormal colon were from the ascending or transverse colon, and 10 were from the descending colon, sigmoid colon, or rectum.
Surgical specimens of primary colonic adenocarcinoma were obtained from 21 patients undergoing colonic resection for cancer. The distribution oftumors according to Dukes' system was: class A, 0; class B, 9; class C, 12. Twelve ofthe tumors were welldifferentiated adenocarcinomas of the colon. Six tumors were poorly differentiated colonic adenocarcinomas. Three of the tumors were colloid carcinomas in which the tumor cells were suspended in large amounts of extracellular mucin. In 14 cases of cancer, microscopic examination revealed well-oriented colonic epithelium contiguous with the cancer (transitional mucosa).
Tissue Preparation. All specimens were obtained immediately after surgical removal and were fixed in a modified Bouin's solution (750 ml of aqueous saturated picric acid, 250 ml of38% formaldehyde, and 10 ml of glacial acetic acid). After fixation, the tissues were dehydrated and embedded in paraffin. Fivemicrometer sections were cut from paraffin blocks and mounted on glass slides. Selected tissues were frozen and sectioned prior to fixation to assess the effects of fixation on lectin binding.
Fluorescence Microscopy. The tissue sections were deparaffinized by two 2-min washes in xylene and hydrated by serial 2-min washes in 100%, 95%, and 80% ethanol followed by three 2-min washes in phosphate-buffered saline (pH 7.4). A solution of FITC-lectin was prepared in buffered saline at a concentration of 0.25 mg of protein per ml of solution.
FITC-lectin (50 ul) was applied to the hydrated tissue sections or freshly prepared frozen sections; after incubation for 20 
RESULTS
Normal Colon. DBA and SBA, which bind exposed GalNAc residues, labeled goblet cell mucin weakly in the lower colonic crypt; labeling was progressively stronger in more-differentiated goblet cells of the upper colonic crypt ( Fig. 1 A and B) . Goblet cell cytoplasm labeled faintly with these lectins. The same pattern of labeling was observed in all normal colon specimens regardless of blood type. RCA1 and BPA, which bind to exposed Gal residues, showed a pattern of labeling generally opposite to that observed with GalNAc-binding lectins. The goblet cell mucin in the lower colonic crypt labeled 3-4+ and the fluorescence diminished to 1-2+ in the mucin ofthe moredifferentiated cells in the upper colonic crypt (Fig. 1 C and D) . On the other hand, PNA did not bind to goblet cell mucin in the upper or lower colonic crypt of normal colon ( Fig. 1 E and   F beling ofthe mucin. Therefore, lectins specific for GalNAc residues bound preferentially to the mucin of well-differentiated goblet cells in the upper colonic crypt and lectins specific for Gal bound preferentially to the mucin of the undifferentiated goblet cells in the lower colonic crypt (Table 1) . Colon Cancer and Transitional Mucosa. With differentiation-dependent changes in the labeling of mucin in the normal colon established, the binding of lectins to transitional mucosa and human colon cancer was investigated. With DBA and SBA, transitional mucosa showed a dramatic decrease in, or absence of, labeling. The mucin present in 7 tumors labeled 4+ with DBA whereas that in 14 tumors was not labeled with the same lectin (Fig. 2B) . The seven tumors that were labeled by DBA included the six largest tumors (all 8 cm or greater in diameter) and all three colloid carcinomas. SBA showed a variable labeling pattern: 2 tumors showed no labeling ofmucin, 9 tumors labeled with heterogeneous (0-4+) intensity within the specimen, and 10 tumors showed uniform 4+ labeling throughout the tumor. Labeling with DBA and SBA was abolished by preincubation with GalNAc. Preincubation with Gal had no effect on either lectin.
With RCA1 and BPA in transitional mucosa, mucin labeled weakly or not at all, whereas in the mucin secreted by cancer both lectins intensely labeled the mucin in all 21 specimens. Labeling with RCA1 and BPA was abolished by prior incubation with Gal, whereas prior incubation with GalNAc had no effect on RCA1 and only partially inhibited labeling with BPA. PNA showed the most distinctive labeling differences be- Table 2 .
With each of the lectins, normal mucosa from the patients without cancer labeled the same as did normal mucosa from the cancer patients. No difference in goblet cell mucin labeling was detected between the left and right colon or between fixed and frozen sections, nor were differences found between lectins prepared in our laboratory or by commercial suppliers. Mucins secreted into the crypt of Lieberkuhn labeled in an identical manner to that seen within the adjacent goblet cells.
DISCUSSION
Three major conclusions can be drawn from our observations. First, the exposed carbohydrate residues in mucin undergo an alteration during the process of goblet cell differentiation, which is similar to prior findings in rat intestine (5, 6) . In human tissue, the GalNAc-binding lectins (DBA and SBA) show a progressive increase in labeling in the more-differentiated goblet cells. This indicates the exposure of nonreducing GalNAc residues which had not been exposed in the less-differentiated goblet cells. This change could be accounted for by the appearance of an N-acetylgalactosaminyltransferase in differentiated colonic goblet cells. However, the removal of other carbohydrate residues by glycosidases or a conformational change in the mucin could produce a similar result. Further evidence for the addition ofGalNAc residues to mucin carbohydrate during differentiation is the progressive decrease in labeling by the Gal-binding lectins (RCA1 and BPA) in the upper crypt. Terminal GalNAc residues are commonly attached to Gal residues C * . . . . A ; .
;;,.
*.- in mucin carbohydrate chains (15) and our data suggest that GalNAc and Gal are the terminal and penultimate carbohydrates, respectively, in the human colonic mucin side chain.
Other laboratories have reported that the addition of terminal sialic acid residues to epithelial cell glycolipids in the rat small intestine is associated with the process of differentiation (16, 17) . The addition of terminal GalNAc residues to mucin in differentiating colonic goblet cells would be a similar process. However, the majority of the "normal" colonic tissues were derived from colons bearing synchronous cancers, and it cannot be concluded with certainty that these tissues are entirely normal.
The second major conclusion of this study is that the mucin of normal colonic mucosa differs strikingly from that in colon cancer. The mucin in all 21 tumors showed intense labeling with PNA, whereas goblet cell mucin was not labeled in the normal colon. The binding of PNA to the mucin of colon cancer was inhibited by coincubation with Gal, indicating that a Gal residue in the mucin carbohydrate side chain is involved in the lectin binding. We speculate that the binding of PNA is due to the presence of the disaccharide structure Gal/ GalNAc be- cause the lectin has a 50-fold greater affinity for this sequence than for Gal alone. This disaccharide structure is common to substances having a high affinity for PNA such as Thomsen antigen (isolated from desialylated M or N erythrocyte membranes), desialylated fetuin, and certain other glycoproteins (13) . Because PNA reactivity may be inhibited by adjacent sialic acid residues, the absence of PNA binding to mucin in the normal colon could be explained by the presence of sialic acid near the nonreducing terminus (13) . The failure of PNA to bind to mucin in the normal colon after neuraminidase treatment makes this explanation unlikely, although sialic acid residues could be present in mucin which are resistant to hydrolysis by the bacterial neuraminidase. Glycoconjugates that are bound by PNA are present on the surface membranes of several types of transformed cells and are absent from their nontransformed counterparts in certain animal models (18) as well as in human breast (14, (19) (20) (21) , lymphoproliferative (22, 23) , and urinary tract malignancies (24) . This suggests that the appearance of glycoconjugates bound by PNA may be common in malignant transformation. The disaccharide structure Gal GalNAc is often found in the inner portion of oligosaccharide side chains in mucin-type glycoprotein (15, 25 (1982) base of the normal crypt suggests that, with regard to mucin biosynthesis, undifferentiated proliferative colonic cells are not identical to malignant cells.
The third major conclusion is that the goblet cell mucin of transitional mucosa differs from that of both normal and malignant colonic mucosa. Transitional mucosa is found immediately adjacent to colon cancer and is typified by abnormal morphological and growth characteristics, but its histological appearance is not frankly malignant. Goblet cell mucin in transitional mucosa differs from that found in the normal colon in that binding by DBA, SBA, RCA1, and BPA is diminished and binding by PNA occurs. The observation that the mucin in transitional mucosa is bound by PNA suggests a progression from transitional mucosa to cancer, but further experiments are required to determine whether this alteration in glycoprotein synthesis actually indicates early (but not morphologically evident) malignant transformation of colonic epithelial cells. If so, these observations provide a biochemical marker of the malignant transformation that precedes the histological appearance of malignancy and they may be developed into a powerful probe for the early detection of cancer in the human colon.
